® 


J) 


Europaisches Patents mt 
European Patent Office 
Office eu rope en des brevets 


© Publication number; 


0 076 025 

A1 


EUROPEAN PATENT APPLICATION 


© Application number: 82303922.7 
© Date of filing; 23.07.82 


©Int. CI 3; E 06 B 5/16 

B 63 B 19/00 


© Priority: 24.07.81 GB 8122922 

© Date of publication of application: 
08.04.83 Bulletin 83/14 

© Designated Contracting States: 
AT BE DE FR GB IT NL SE 


© Applicant: HI-SPAN LIMITED 
Ayton Road 

Wymondham Norfolk NR18 ORD(GB) 

© Inventor: Maizey, Eric Reginald 
c/o Hi-Span Limited Ayton Road 
Wymondham Norfolk NR18 00RD(GB] 

© Representative: Jones, William 

Old Bank of England Court Queen Street 
Norwich NR24SX[GB) 


lfl 

CM 
O 

CD 

rs 
o 


© Rre-reslstant door leaf. 

® A fire-resistant door leaf for use in an "A" Class marine 
bulkhead door assembly comprises a core sandwiched 
between two panels. The core is a corrugated steel mem- 
brane {1 1 ) whilst each of the two panels is a pre-formed rigid 
board (12) of fibre-reinforced cement. An air gap (14) is 
created between the panels (12} by the corrugpted core (111. 
A U-section capping channel (13) extends around the 
periphery of the door leaf and Is corner-mitred and welded 
into a rigid framework enclosing the panels (12) and 
corrugated core membrane (1). 

The membrane (11) is spot-welded to the top and 
bottom rails of the capping channel (13), and the panels (12) 
are glued to respective corrugations of the membrane (11). 

The door leaf thereby derives its main flexural rigidity 
from its core region, and its main heat-resistance from its 
outer panels. 


FIG.1 
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FIRE-RESISTANT DOOR LEAF 


FIELD OF THE INVENTION 

The invention relates to fire-resistant door assemblies 
and in particular to door assemblies for use in closing 
openings in marine bulkheads. The construction and 
properties of such door assemblies is governed, in the 
case of United Kingdom registered ships, by Merchant 
Shipping Regulations issued by the United Kingdom Dep- 
artment of Trade . 

The UK Department of Trade Regulations conform to an 
Internationally accepted set of Regulations in comp- 
liance with the International Convention for the Safety 
of Life at Sea (SOLAS Regulations), which are in turn 
interpreted by an Exchange of Notes Treaty signed by the 
governments of the countries concerned. Thus the 
design and construction of what are called, in the 
United Kingdom, "A" Class Marine Fire Doors must conform 
to an essentially Internationally accepted set of 
Regulations. 

A door which is intended to be used to close-off open- 
ings in "A" Class Divisions is, in general, required to 
be subjected to a standard fire test. The door leaf 
and frame are installed in a steel bulkhead, insulated 
on its unexposed side with material of the same standard 
as that which the door is intended to achieve, and when 
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the division is exposed to a standard fire test the door 
must prevent the passage of smoke and flame to the end 
of the test; and the average temperature on the unex- 
posed side of the division must not increase by more 
than a stated amount above the initial temperature, nor 
must the temperature at any point rise more than a sim- 
ilarly stated amount above the initial temperature with- 
in the test time. 

For a 'so-called "A60" door, the test time is sixty min- 
utes. For an "A30" standard door, the test time is 
thirty minutes. Currently, the temperature limits are 
139 degrees centigrade average temperature rise above 
the initial temperature, and 180 degrees centigrade 
maximum rise above the initial temperature at any one 
point, within the applicable test times. 

REVIEW OF THE PRIOR ART 

The Regulations applicable to this special field of 
fire-resistant marine bulkheads specify that the door 
leaf shall comprise, inter alia, a steel membrane. In 
all relevant prior art currently known to the applicant, 
this requirement for a steel membrane has always been 
interpreted to mean an external steel panel. 

In conventional marine bulkhead "A" Class fire doors, 
therefore, the door leaf comprises a heat-resistant 
core of, for example, Vermiculite, sandwiched between 
two steel panels. The core is fairly thick in compar- 
ison with the two panels. If a fire occurs on one 
side of the door, the Vermiculite core cuts down the 
rate of heat transfer from one steel panel to the other. 
The core, relatively easily damaged, is also protected 
in use by the stronger and more resilient outer panels, 
which can be painted and to which door furniture such 
as locks, latches and hinges can be secured. 

Thus the conventional "A" Class door leaf derives its 
main flexural stiffness from its outer panel 
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"membranes", and its main heat resistance from its core 
region. 

SUMMARY OF THE INVENTION 

A fire-resistant door leaf embodying the invention also 
comprises a core sandwiched between two panels, but the 
core in this case is the main leaf-stiffening membrane, 
and the panels between which it is sandwiched constit- 
ute the main heat-resisting medium. Thus the core 
has a much higher flexural rigidity than either of the 
outer panels, whilst the panels each have a much lower 
thermal conductivity than the core. Also, the core 
membrane will be much thinner than either of the outer 
panels. 

Such a door leaf, deriving its main flexural stiffness 
from its core region and its main heat resistance from 
its outer panels, is thus a complete reversal of con- 
ventional thinking in the field of fire-resistant 
marine doors* 

Many advantages flow from such a construction. Because 
only one of the relatively heavy membranes is used, 
rather than two, the door leaf will be less heavy than 
a similarly-sized and similarly-rated conventional leaf. 
It will also be less expensive, and the money saved can 
be used to furnish the door leaf with, for example, 
stainless steel fittings and /or peripheral capping 
channels which are less prone to. rust and are thus 
particularly advantageous in a marine environment. The 
heat-resistant outer panels can be selected from modern 
materials such as fibre-reinforced cement, although 
more conventional materials might equally well be used 
in some circumstances. Such panels can be self- 
coloured without necessarily needing painting, thus 
saving future maintenance costs. Other advantages will 
become apparent to those skilled in this specialist 
field. 
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The core membrane may advantageously be corrugated, with 
corrugations running from side to side or from top to 
bottom of the door leaf. This will increase the flex- 
ural rigidity of the door whilst enabling a relatively 
5 thin and lightweight membrane to be used. 

An air gap may deliberately be created between the 
panels of heat-resistant material, so that the panels 
are separated by the air gap as well as by the core 
membrane, and the air gap forms part of the core region 

10 of the door leaf. Although the core membrane will be 

much thinner than either of the outer panels in normal 
cases, the thickness of the core region (including the 
air gap) need not necessarily be less than a panel 
thickness, and may advantageously be at least equal to 

15 a panel thickness. Because air is a good heat insul- 

ator, the presence of an air gap at the core region 
increases the fire-resistant properties of the door 
leaf yet farther and gives added protection to the 
relatively high-thermal-conductivity core membrane. 

20 One especially advantageous door leaf construction em- 

bodying the invention, to be described in detail here- 
after, uses fibre-reinforced cement panels each of 
which has an outer skin of higher density than the rest 
of the panel. Such panels are currently available 

25 commercially, and lend themselves ideally to the con- 

struction of a door leaf embodying the invention. The 
outer skin protects the rest of the panel from impact, 
and door furniture such as locks, latches and bolts can 
be screwed direct to it without necessarily having to 

30 be screwed through to the core membrane. 

If a capping channel extends around the periphery of 
the door leaf, it may advantageously be made of material 
which is compatible with the core membrane so that it 
can be heat-welded through to the core membrane. This 
35 will increase the flexural rigidity of the door still 

farther, will protect the panel edges, and can do away 
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with any need to bond the panels to the membrane itself. 

The membrane may be of tray form, with tray walls form- 
ed around any two opposite edges or around all four 
edges of the membrane. This could provide the advan- 
tageous air gap between the heat-resistant panels of 
the door leaf without necessarily having to corrugate 
the membrane. It could also have a capping channel 
heat-welded to it around the entire periphery of the 
leaf, in the case where a four-wall tray was used, 
whereas an unwalled corrugated membrane could normally 
only be welded to the capping channel along two of the 
membrane's opposite edges. 

Where a corrugated membrane 13 used, the corrugations 
are advantageously straight-walled rather than curve- 
walled in form, and the acute angle between the wall 
and the base is preferably within the range 30 degrees 
to 90 degrees'. Angles outside the limits of this 
range will be less resistant to buckling. 

In the case just outlined, an especially advantageous 
range of angle is between 45 degrees and 90 degrees to 
give optimum strength to the corrugated membrane. 

Where a corrugated membrane is used, the corrugations 
preferably run across the door leaf, i.e. from side to 
side rather than from top to bottom, since the leaf is 
then flexurally more rigid in the directions in which 
it is most likely to be subject to bending forces in 
use . 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 

Figure 1 shows a door leaf embodying the invention, in 
plan cross-section; 

Figure 2 shows the door leaf of Figure 1 in front 
elevation when installed in its surrounding door frame; 
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Figures 3 and 4 show respectively the hinge-end and 
latch-end of the door leaf in plan cross-section, and 
also show part of the door frame in each case; 

Figures 5 A to 5 E are diagrammatic illustrations of 
different forms which the core membrane of the door 
leaf might take within the scope of the invention; and 

Figures 6 to 12 are similarly diagrammatic illustra- 
tions of ways in which the door leaf might be modified 
within the scope of the invention. 

Figures 3 and 4 are drawn to a larger scale than 
Figures 1 and 2, and they are each sections along the 
line B-B of Figure 2. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The door assembly illustrated, and its possible modif- 
ications, will now be described with reference to the 
drawing. The door leaf itself is only one of several 
forms which the invention might take. It is, however, 
the best form currently known to the applicant of 
putting the invention into practice. 

The door leaf comprises a corrugated mild steel folded 
plate sandwiched between two fibre-reinforced cement 
panels and bounded by a stainless steel peripheral 
capping channel. The steel membrane, referenced 11, 
has corrugations extending across the width of the 
door leaf. The corrugations are straight-walled, and 
the reflex angle between the wall and base of each 
corrugation is 135 degrees; so that the acute angle 
defined between each wall and base is 45 degrees in 
this particular embodiment. 

The fibre-reinforced cement panels each have the same 
re f erence 12 and are each glued to respective channel 
base portions of the corrugated steel plate membrane 1 1 . 
Each panel 12 is of uniform density for the greater part 
of its thickness, but each exhibits a hard skin region 
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of much higher density on its outward-facing surface. 
The skin region is referenced 12a in each case. 

The capping channel 13 is U-shaped in cross-section. 
It extends around the periphery of the composite rect- 
angular panel-core membrane-panel "sandwich", and it is 
corner-mitred and welded into a rectangular framework. 
It is made, in this particular embodiment, of stainless 
steel. 

The opposite top and bottom edges of the core membrane 
11 are turned over at 90 degrees to the general plane 
of the membrane, so that they constitute flanges 
abutting the adjacent inner face of the capping channel 
13. Holes are formed in the channel 13 at points 
spaced along its length where it abuts the membrane- 
edge flanges just referred to. The membrane-edges 
are then spot-welded to the capping channel 13 through 
these holes, and the welds later ground flat against 
the outer face of the channel. 

Because the core membrane 11 is corrugated, an air gap 

14 is created between the two fibre-reinforced cement 
panels 12. In the particular embodiment illustrated, 
there is a 20 mm spacing between the non-skinned facing 
inner surfaces of the two panels 12. The core mem- 
brane is folded from mild steel plate 1.6 mm thick. 
Each of the panels has an overall thickness of 15 mm 
and the hard outer-facing skin of each panel is 2 mm 
thick. The door leaf overall is 2440 mm high x 

1200 mm wide. 

The construction of the door frame surrounding the leaf 
is not of the essence of the invention, and can readily 
be settled by those skilled in this field. Essentially, 
however, as shown in Figures 3 and 4 the frame uprights 

15 are steel Z-rails which are bolted direct to the 
steel bulkhead 16 in which the door opening is formed. 

The latch and hinge construction is similarly not of 
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the essence of the invention, and can readily be 
settled by the skilled reader, but it is clear from 
Figure 3 that one of the hinge plates 17 is welded to 
a reinforcing plate 18 on the door leaf whilst the other 
hinge plate, not shown, is welded to the door frame up- 
right 15; and the reinforcing plate 18 is L-shaped and 
is welded inside the capping channel 13 and to the core 
membrane 11 at each of the three hinge points along the 
relevant edge of the door leaf. 

A U-shaped spine 19 sits in the air gap between the two 
heat-resistant panels 12 and is welded to the membrane 

11 along the length of the spine. The spine 19 
extends almost the full length of the door leaf. 

The fibre-reinforced panels illustrated and referenced 

12 have an average density of 1 . 1 tonnes per cubic 
metre to within plus or minus 15 per cent- The great- 
er thickness of the panel has a density of 0*8 tonnes 
per cubic metre, whilst the 2 mm-thick skins have 
densities of 1.6 tonnes per cubic metre, again all to 
within plus or minus 15 per cent. These panels are 
pre-manuf actured as rigid skinned boards and are 
currently available under the trade mark VELMAC in the 
United Kingdom from Tarmac Industrial Holdings Limited, 
of Ettingshall, Wolverhampton, United Kingdom. They 
are glued to the core membrane by an adhesive manu- 
factured in the United Kingdom by Joseph Crossfield and 
Sons Limited, of Warrington, Cheshire, United Kingdom 
and known as Claysil No 1 Adhesive. The panels 12 are 
relatively light in weight but their hard outer skins 
have high impact resistance and are hard enough for 
door furniture to be screwed direct to them. They are 
waterproof and rot-proof, they cut down noise trans- 
mission, and they are self-coloured although they can 
be painted if desired. 

The door leaf illustrated passes an A60 standard fire 
test and is some 20 per cent lighter in weight than a 
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similarly-sized and similarly-rated A60 door of conven- 
tional steel outer panel - heat-resistant core con- 
struction. 

Instead of using pre-manufactured boards for the panels 
12, the fibre-reinforced cement could be sprayed onto 
each side of the corrugated core membrane 11 and then 
left to set into a rigid panel. The air gap 14 would 
then not be present, but if the material were sprayed 
thick enough the necessary fire-resistant qualities 
could still be achieved. One form of fibre-reinforced 
cement (or GJ?C as it is usually called) which could be 
sprayed in this manner is currently marketed in the 
United Kingdom by Thyssen (Great Britain) Limited of 
Bynea, Llanelli, Dyfed, United Kingdom. 

The three hinges which hang the door on its frame could 
consist of two plain hinges and one self-closing hinge. 
One of these hinges could be replaced by a dog bolt and 
still conform to Regulations. There are three latches 
spaced along the non-hinged edge of the door, each 
latch opposite a respective hinge. 

Figures 5A to 5E show diagrammatically various forms 
the corrugated core membrane 11 might take. In Fig- 
ure 5A the corrugations are straight-walled and are 
regularly spaced from one another. In Figure 5B they 
are relatively widely spaced. In each of these two 
cases the corrugations are angular in form. 

Instead of being angular in form, successive corrug- 
ations may be right-angled and again may be regularly 
spaced (Figure 5C) or relatively widely spaced (Figure 
5D) to define in either case a series of "top hat" 
sections along or across the membrane 11. 

It is even conceivable that a curved corrugated 
regularly-spaced or irregularly-spaced form (Figure 5E) 
could be used. To give such a form sufficient rigid- 
ity, the membrane may have to be made of steel, but in 
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any door leaf embodying the invention the materials 
will be chosen according to the degree of fire resist- 
ance required. 

The tray-form membrane of Figure 6 has upturned walls 
along its two opposite longitudinal edges, and "top 
hat" reinforcing channels running across it at each of 
three spaced positions where the hinges will be 
installed down one door edge. Figure 7 shows a sim- 
ilar arrangement in which the stiffening reinforcing 
sections are localised around the three hinge regions, 
and around a single latch region on the opposite edge 
of the membrane, and in which the membrane this time 
has walls along each of its four edges. 

Figure 8 is a section through one of the reinforced 
hinge regions of the completed door leaf using the 
Figure 7 membrane. The localised reinforcing sections 
are each screwed through the floor of the tray-form 
membrane to one of the outer heat-resisting panels. 
The non-screwed end of the reinforcing section may be 
welded, glued, riveted or otherwise secured to the up- 
turned wall of the tray-form membrane- Alternatively, 
as shown in Figure 8, it could simply be left to bear 
unsecured against the underside of the inturned wall of 
the membrane if the membrane and reinforcing section 
were each sufficiently rigid. 

Instead of using a capping channel such as 13 illus- 
trated in Figures 3 and 4, two tray-form membranes 
could be secured back to back. Each could be folded 
up around an outer panel of heat-resistant material, 
and when two such membrane-and-panel assemblies were 
secured back to back, the door leaf assembly of mem- 
brane and outer panels would be completed. If the 
heat-resistant panels were in the form of pre- 
manufactured rigid boards, they could be left unglued 
within the membranes, and be kept in place by the 
folded-over tray walls. 
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In the arrangement just outlined, a capping channel 
could still be fitted around the four edges of the 
assembled back to back panels and membranes if desired. 

Figure 9 shows a door leaf assembly in which the heat- 
resistant outer panels are rigid boards and are separ- 
ated by individual core membrane elements glued and /or 
screwed into position on the inward-facing surfaces of 
the panels. A capping channel of stainless steel is 
glued and /or screwed to the boards or is alternatively 
welded up around the boards as a framework without 
being secured to them. The core region contains an 
air gap as well as containing individual core elements, 
and the individual elements together constitute the 
required leaf-stiffening membrane. 

In arrangements where a capping channel is used, Fig- 
ures 10, 11 and 12 illustrate various ways in which 
the channel may be secured in position. In Figure 10 
the channel is through-welded to the walls of a tray- 
form membrane. In Figure 11 the walls of the channel 
are screwed to the heat-resistant boards which are 
themselves separated by a continuous corrugated mem- 
brane or a series of individual core elements which to- 
gether constitute a membrane. In each of these two 
cases there is an air gap between the outer panels and 
the air gap forms part of the core region. 

In Figure 12 there is no air gap. The core region 
consists solely of a relatively stiff membrane faced on 
each of its opposite sides with heat-resistant material 
and with a capping channel welded up around the four 
edges of the resulting door leaf assembly. The 
capping channel is not secured to the membrane, nor is 
it secured to the heat-resistant outer panels. Its 
corners are mitred and welded to hold the panels and 
the membrane in place inside it. 
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CLAIMS 

1 . A fire-resistant door leaf suitable for closing - 
off an opening in a marine bulkhead, the door leaf 
comprising a core sandwiched between two panels, and 
characterised in that the core region contains a mem- 
brane (11) of relatively high flexural rigidity and 
high .thermal conductivity whilst the panels (12) each 
exhibit a thermal conductivity which is much lower 
than that of the core membrane (11) and are each much 
thicker than the core membrane (11). 

2. A door leaf according to Claim 1 and characterised 
in that the core membrane (11) is corrugated. 

3. A door leaf according to Claim 1 or Claim 2 and 
characterised in that there is an air gap (14) between 
the two outer panels (12) in the core region of the 
door leaf. 

A door leaf according to any of the preceding 
Claims and characterised in that the panels (12) are 
each composed of fibre-reinforced cement material ex- 
hibiting an outward-facing skin (12a) of higher density 
than the rest of the panel. 

5. A door leaf according to any of the preceding 
Claims and characterised in that a capping channel (13) 
extends around the periphery of the door leaf, in that 
the channel (13) is made of material which is heat- 
weldable to the core membrane (11), and in that the 
channel (13) is heat-welded through to the core mem- 
brane (11). 

6. A door leaf according to any of the preceding 
Claims and characterised in that the core membrane (11) 
is a tray-form membrane with upturned walls along opp- 
osite edges of the tray. 

7. A door leaf according to any of Claims 2 to 6 and 
characterised in that the corrugations are straight- 
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walled and In that the walls of the corrugations are 
angled between 90 degrees and 150 degrees to the base 
of the corrugations. 

8. A door leaf according to Claim 7 and characterised 
in that the said angle is within the range 90 degrees 
to 135 degrees. 

9. A door leaf according to any of Claims 2 to 8 and 
characterised in that the corrugations run across the 
width of the door leaf. 

10. A door leaf suitable for use in closing-off an 
opening in a marine bulkhead, characterised in that 
the door leaf comprises a corrugated steel membrane 
(11) sandwiched between two fibre-reinforced cement 
panel boards (12) with an air gap (14) created between 
the panels (12) by the corrugated membrane (11) and 
with each panel (12) being of substantially identical 
thickness and spaced apart by at least a panel thick- 
ness by the air gap (14) and with each panel having on 
its outward-facing surface a skin whose density is 
approximately twice that of the rest of the panel. 
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FIG.5A. 

FIG.5E5. 
FIG.5C. 

FIG.5D. 

FIG.5E. 
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